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Abstract
In this contribution I discuss transverse momentum dependent quark distribu-
tions and their operator structure. Some of the experimental signatures in particular
in Drell-Yan scattering are given.
1 Introduction
In hard processes one becomes sensitive to intrinsic transverse momentum of the quarks





X) one has the momenta of the incoming hadrons A and B and the hard time-like




). Other examples are 1-particle inclusive
leptoproduction (`H ! `
0





In a eld-theoretic approach one can calculate the hadronic tensor W

for DY scat-
tering by making use of a diagrammatic expansion in which soft parts allow inclusion of
hadrons in the eld-theoretical framework of QCD. If Q
2
! 1 only a limited number
of diagrams survives, each of these diagrams with characteristic behavior. Some explicit
examples are shown below. In particular the tree level diagram in the rst box and the
diagrams with a gluon attached to the soft part (one shown in the second box) will be
discussed in more detail.
1
Talk presented at the Symposium "Deep inelastic scattering o polarized targets: theory meets













































































































































The large scale Q in the scattering process leads in a natural way to the use of lightlike
































































































































Using the lightlike vectors to dene lightcone components p

= p  n

one sees that the









. The structure of these quantities, their various Dirac projections,
and a possible way of estimating their magnitude has been discussed in the contribution































































































































) etc. The polarization vector is also





















= 1 (for a pure state). The functions appearing in (x;p
T
) can
be projected out with specic Dirac matrices. All functions in the leading part can be
interpreted as densities involving chirally left/right or transverse spin projections of good







In inclusive lepton-hadron scattering or q
T
-integrated DY scattering one does not need
the p
T








































= 0, which implies 
2
= 0, i.e. one deals with a lightcone














































), etc. For asymmetries in 1-particle inclusive lepton-hadron



































































































Including subleading order for the p
T



































































appear at subleading order. These functions do not have a simple density
interpretation. From the most general amplitude expansion for 
ij
, however, constrained
by hermiticity, parity and time reversal symmetry one obtains relations between the twist-
three functions and the p
T



































3 Gluons in the diagrammatic calculation
The soft parts discussed in the previous section and the analogous results for antiquarks
are sucient to calculate the parton diagram (rst box in the introduction). Turning
to the second box one nds diagrams with a gluon attached to the soft part involv-
ing the matrix elements of Eq. 2. These contributions are important at subleading or-








= 0. At least, this is true in the absence of so-called gluonic
poles [7], which is the case when gluonic background matrix elements having a nonlocality














, i.e. for quark-quark












































 m) = 0, to relate 
D

























































In the diagrammatic calculation up to O(1=Q) the parton graph and the gluon graphs

















































































As an aside we note that one obtains the Wandzura-Wilczek relation [8] for g
T
and a






































































Included in the diagrammatic expansion are also quark-quark-gluon correlations in-
volving A
+
gluons. These longitudinal A
+
gluons cause problems in theM=P
+
expansion.
Their contributions, however, can be collected into the denition of the distribution func-




























rendering the denition of f
1
color gauge invariant. In cases such as inclusive deep inelas-
































where link operators at xed transverse positions,
Tξ
-ξ
appear of the form
























































































We note that inA
+





















We start with the for our purposes relevant quantities for the DY process given in the




and y as well as a conveniently choosen










































































































































where O, L, T indicate unpolarized, longitudinally polarized ( = 1) or transversely
polarized (jS
T







are dened w.r.t. the
lepton plane.
7
One has e.g. for the simplest unpolarized q
T
































where we have included the summation over quarks and antiquarks and the avor indices
on the distribution functions.
We start with a discussion of spin asymmetries in polarized q
T
-integrated DY scatter-






















































































































































These asymmetries have been given in Ref. [6] disregarding k
T
-dependence of the distri-











, which simplies the above LT asymmetry. However, taking into account the trans-
verse momentum dependence, both the interaction-dependent (tilde) functions and the
full twist-three functions including a twist two part appear in the LT asymmetry [9].
As a next example, we consider two specic azimuthal asymmetries in polarized DY





































































































discussed in Ref. [3]. Together with the previous subleading LT asymmetries these allow
tests of the relations in Eqs 12 and 13. We note that the constraints on the parametriza-
tion of the quark-quark correlation functions, notably time reversal invariance only allow
double spin asymmetries in DY scattering.
5 Time reversal symmetry
Non-applicability of time reversal symmetry (T) allows a richer structure for . This is
the case in, for instance, the corresponding denitions for fragmentation functions [10, 5],
where one cannot use T as a symmetry because the nal state hadron is not a plane
8
wave state. But also for distribution functions it has been argued that time reversal odd
quantities may appear, e.g. through soft factorization breaking mechanisms, the chiral
structure of nucleons or gluonic poles [11, 12, 7]. In the quark-quark correlation function

















































this T-odd part vanishes, but the p
T









































We note that, as in the T-even situation, the twist-three T-odd distribution functions
showing up in the order (M=P
+

























































At O(1=Q) one again needs the quark-quark-gluon correlation functions and the use



































































































Eqs 38 and 39 is simply f
T
(x) = h(x) = 0.
9
As an example of T-odd distributions we mention the following azimuthal asymmetry






































which involves besides the T-odd distribution function h
?(1)
1










= P  P
h
=P  q. Examples
of single spin asymmetries in the DY process are given in the talk of Boer [7].
6 Conclusions
I have reviewed the systematic parametrization of quark-quark and quark-quark-gluon
correlation functions which appear as the soft parts in the diagrammatic expansion of hard
processes such as DY scattering. In particular, I have emphasized the role of transverse
momenta of quarks, accounting for which is essential in processes like DY scattering or 1-
particle inclusive lepton-hadron scattering. The eects of transverse momenta of quarks
show up, for instance, in azimuthal asymmetries. While at leading order the relevant
functions in the soft parts of hard processes are just the quark densities, one sees at
subleading order the QCD dynamics at work inside the hadrons.
This work is part of the scientic program of the foundation for Fundamental Research
on Matter (FOM) and the Dutch Organization for Scientic Research (NWO).
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